Escherichia coli strains that cause dysentery-like disease, parenteral infection, and infantile diarrhea form specific groups based on mobility of 0 and K antigens in immunoelectrophoresis. Members from each of these groups were assayed for gross nucleotide sequence relatedness. The method used was interspecific deoxyribonucleic acid (DNA) reassociation reactions carried out free in solution. Reassociated DNA was separated from unreacted DNA by passage through hydroxyapatite. DNA relatedness between these groups was approximately 80c,%.. The groups containing those strains causing parenteral infection and those responsible for dysentery-like disease showed preferentially high intragroup DNA relatedness. The group containing strains responsible for infantile diarrhea did not show preferentially high intragroup DNA relatedness with the reference strain employed. These strains, however, did exhibit preferentially high DNA relatedness to a second reference strain.
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The species Escherichia coli encompasses a large number of strains that are extremely similar in morphology and metabolic patterns. Three parameters of deoxyribonucleic acid (DNA) relatedness in a large number of E. coli strains were assayed in a recent study (3) . Data obtained in this study indicated up to a 4%' difference in guanine plus cytosine content, and as much as 5 X 108 dalton differences in genome size in E. coli strains. Furthermore, as much as one-fourth of the DNA from some typical E. coli strains had diverged to a point where there were no demonstrable nucleotide sequences held in common. The frequency of relatedness between E. coli strains forms a Gaussian distribution. The above parameters can be used in the molecular description of a species (3).
With the increasing incidence or recognition of human pathogenic strains, or both, it has become increasingly important to determine the serotype of strains isolated from clinical sources. It is known that strains with certain specific 0 and K antigens are closely associated with pathological conditions, whereas other serotypes are normally nonpathogenic. In the pathogenic strains, certain serotypes are predominantly associated with infantile diarrhea, other serotypes are associated with parenteral infection, and still others with dysentery-like infections. Using immunoelectrophoretic (IE) patterns of simple extracts containing the 0 lipopolysaccharide antigen and a possible K acidic polysaccharide antigen, it was found that the serogroups that are highly frequent in the normal intestinal canal (which are the same serogroups frequent in parenteral disease) give one IE pattern-1A. Strains associated with human infantile diarrhea had a similar cathodic 0 antigen mobility but no special K antigen line, and thus gave an IE pattern which was a variant of 1A, termed 1B. E. coli strains from dysentery-like disease gave a third IE pattern, 2, with no K antigen line and a negatively charged 0 antigen. Finally, it should be stressed that the remaining large number of E. coli strains, about which nothing is known regarding possible relatedness to specific diseases or special ecological situations, can be grouped in these three IE groups (8 DNA reassociation. Relatedness studies based on relative percentage of DNA reassociation are dependent on both the specificity and the completeness of DNA duplex formation. To determine nucleotide sequence relatedness, DNA from one or more reference organisms is labeled with 32PO4 and then reacted free in solution with a series of unlabeled DNA preparations. DNA reassociation is a concentration-dependent reaction. In these experiments, the concentrations of labeled and unlabeled DNA were 0.1 ug/ml and 150 ,4g/ml, respectively. These concentrations were chosen so that, under the conditions of incubation, little or no reassociation occurs between labeled fragments, whereas maximal reassociation occurs between labeled DNA fragments and complementary unlabeled fragments. Specificity of reassociation is controlled by using salt concentration and incubation temperatures at which sequences containing only randomly complementary bases cannot form stable reassociation products. Specifically, the labeled and unlabeled DNA species, in 0.28 M PB (phosphate buffer, an equimolar mixture of Na2HPO4 and NAH2PO4; pH 6.8), were denatured in a boiling water bath for 3 to 4 min. Samples were then cooled to 60 C or 75 C and incubated at this temperature for 16 hr. In control reactions at these criteria, 0.1 ,ug of labeled DNA per ml reassociates at less than 1%,' whereas unlabeled DNA from the reference strains employed shows 80% or greater reassociation.
After incubation the samples are diluted in deionized water to 0.14 M PB, and single-stranded DNA is separated from duplexed DNA by chromatography on hydroxyapatite (HA, reference 2). HA is equilibrated with 0.14 M PB + 0.4% sodium dodecyl sulfate (SDS) and held at 60 or 75 C. Single-stranded DNA does not bind to HA at this salt concentration, whereas reassociated DNA is bound to HA. Four 15-ml washes with 0.14 M PB + 0.4% SDS at the incubation temperature serve to remove unreacted DNA from HA. Reassociated DNA iseluted eitherin four 15-ml washes with 0.4 M PB or, when the thermal stability of the duplexed DNA is of interest, in a series of 15-ml washes with 0.14 M PB at increasing 5 C temperature increments up to 100 C. Radioactivity is assayed by Cerenkov counting.
RESULTS
With few exceptions, antigens from the strains tested exhibited the following immunoelectrophoretic behavior: (i) group 1A, 0 antigen migration towards the anode and the cathode and a special anodic K antigen (strains highly frequent in normal human colon and causing parenteral infection); (ii) group 1B, 0 antigen migration towards the cathode (strains associated with infantile diarrhea); (iii) group 2, 0 antigens migrate towards 309 VOL. 6, 1972 on November 6, 2017 by guest http://iai.asm.org/ Downloaded from the anode (strains causing dysentery-like disease). Representative strains from each of these groups were tested for DNA relatedness within and across group lines. Also included in the study were E. coli strains whose 0 antigen groups were known, but which had not been subjected to immunoelectrophoretic analysis. However, previous experience with many strains belonging to these 0 groups indicate 100% correlation between 0 group and IE pattern. These strains were assigned to the same group as strains with identical O antigens that had been assayed immunoelectrophoretically. In Table 2 ) were arbitrarily assigned to groups IA and lB without being subjected to electrophoretic analysis. With the possible exception of strain 02A (group 1A) their relatedness to 075 was similar to that shown by strains placed in the group on the basis of immunoelectrophoretic analysis of 0 antigens. The data from group IA suggest that some strains with common 0 antigens are extremely similar (04, 06, 07), whereas other strains with similar 0 antigens (02 and 075) appear to be significantly different in terms of their total DNA.
Strain 0114 was chosen as the DNA reference strain for group lB. This strain exhibits approximately equal average relatedness to the three groups of E. coli strains (Table 3) . Strain 0114 was also tested for relatedness to a group of Shigella strains. As expected, DNA reassociation between the shigellae and 0114 was somewhat lower than the average obtained between E. coli strains (3) . From this data it appears that the grouping of pathogens based on electrophoretic mobility of 0 antigens in group 1B does not reflect preferentially high overall DNA relatedness among members of this group.
Results obtained using strain 0112 as the representative from group 2 are shown in Table 4 . (3) . Frequency distribution graphs of relatedness for each of the four reference strains employed in this study are shown in Fig. 1 . Despite the relatively small number of strains, especially (3) .
In the present study we sought to determine whether pathogenic E. coli strains grouped on the basis of immunoelectrophoretic mobility show preferential DNA relatedness. The data indicate preferential relatedness in group lA strains and in group 2 strains. There are exceptions including strain 02A, and strain 0115, a member of group 2 that shows preferential relatedness to group lB strains. The reference strain from group 1B, 0114, reacted to approximately the same extent with strains from all three groups. Statistical treatments and frequency distribution graphs of these data substantiate the conclusions drawn from mean relative relatedness values.
A variety of functions have been identified as essential to the pathogenic capacity of different bacteria. These include enzymes allowing invasiveness, toxin production, coagulase production, resistance to phagocytosis, and susceptibility to specific lysogenic converting phage. There are, however, no data on exactly how much DNA in a given organism is concerned with the ability to produce disease. Since both pathogenic strains and nonpathogenic strains comprise the species E. coli, data from the present study are of interest in this regard.
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